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material to the extrader which has a much greater density and eliminates the need for 
two-diameter extruders or large single-diameter extruders. The devolatilization and 
pimtping functions of the ori^su, two-diameter extruder system have now been separated, 
I.e. uie final devolatilization is performed in the vent stack and only the polymer pumpmg is 
5 performed by the extruder. However, extruders pump polymer by devefopmg viscous drag, 5 
and are very inefficient pumps. 

There is provided by the present invention a gear pump for pumping highly viscous media 
comprising: housing means defining an inlet passage at one end and an outlet passage at an 
opposite end, and a chamber therebetween; a pair of pump gears located within said 

1 0 chamber having intermeshing teeth and being rotatably moimted in said housmg, the walls 10 
of s^d chamber and said pump gears defining therebetween a free space to receive viscous 
media, and a wall of said diamber and each of said gears defining a gear sealing zone 
adjacent the outlet, each zone having a minimum length drcumferentiadly of the respective 
gear equal to the circumferential distance between two adjacent gear teeth across the full 

15 axial length of said gears at the outside perimeter of said gears; me portion of said outlet 15 
adjacent said sealing zones having a cross-sectiond area of from 0.2 to 2.0 times the product 
of the gear width and the gear tooth hei^t. 
The pump of the invention, tq enable.it- to deal with. a xope strand -feed of a- viscose 
' • medium, lAay be pi^ovided vnm a pair of feed irollers rotatably mounted^-in'said chamber 

20 upstream of said gears, the axis of each roller being substantially parallel to the axis of the 20 
assodated gear and said rollers being spaced apart, to define a media nip substantially 
pqi^aQSir with the mesh line of said ge^, and means for rotating said gears and rollers, 
whereby. sdd.rope strand is drawn into and feeds the gear cavities and is thereaftei; pumped ^ 

. : by said cgears.- . 

2i. ASiWill befmade evident below the pump may advantageously be employed in viscose .-25 
media:compcainding apparatus, in a polymer fobncation system and in a process of polymer . / ; 
. :,.i}roduction.'-f . 
''' The pump of the invention facilitates filling of the gear tooth cavities. Additionally, the 
' shear areas and energy dissipation in ^hear is an order of magnitude lower than comparable 
30 positive displacement pumps. Horizontal gear axes orientation, is' preferred, but not 30 
essential; and the outiet, which is sized' to inter&ce with the gear pump, is preferably 
rectangular ui shape with the major dimension parallel to the axes of uie gears. The outlet 
may, however, be circular, oval or of any other cross-sectional shape desired from the 
operating .standpoint. 

35 The invention will flrfW be further described by way. of example- with ri^fence'to the 35 
accompanying drawings in'' which:- - 

Figure i is a schematic view of a low- energy polyiiier production system in accordance 
with the present invention; 

- Figure 2 is 36 enlarged cross-sectional view of a gear pump for use in the low energy 
40 system of Figure 1;- ' • 40 
Figure 3 is a cross-sectional Viiew with certain portions broken away for darity taken 
gerierally along Ime '3-3 in Figure 2; 
Figure -4 -is a top pliane view taken generally along line 4-4 of the pmap in Figure 2\ 
Figures is a cross-sectional view of a gear pump with feed rollers for haadUng feed in. 
45 rope form; 45 
Figure 6 is a sectional -view taken along line 6-6 in Figure 5; 
Figure 7 is a top plane view of the pump of Figure 5; . 

Figures 8A and SB are scheinatic views illustrating compounding systems equipped with' \ . 

th«"DimtJ"Wf'fFlButt;g'2''J(lfri'^,VreS«eeti!Vely;" uan-wc u^^i am ju viunubji.^iufayuU^ 

'^'^uf^ imsmi&^dhvmm%.^msiig^^iimpi^ so 
_ .„5^'M?^€ttjSS^^Ietie^i<?^.3pa»ifiUatoifr^Ba8 ti 

entire inlet/Ecar cvlindeLsecaion is vSsSfeetSfHl; ^ rigooiriJ .isbinjxs eriJ moil bss'orasi 

55 55 

"°M§j^iSaS'%B©ciflWiVI^ ns3d ;3VBif 01^ 

®"?lP% MP3%Er^8fti«lriliW«ran^uI» leaPfftft'ijsaw^tWesdteiJais witeAinrttesgjap* . '? 
and rgUets are tnddiilar for increasing the capacity of ■thBtfnaqp;(3niri2fiIi) iioiJfiiBqaa 

60 2«£p?e"if.?W*^8&^ 60 

the feed rollers; ■ • 

• Figure 17 is a side elevation view with certain portions broken away in- cross-section 
65 illiistrating a completely nlodular gear pump embodiment; and - . . . 65 
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Figure 18 is a front elevation view of the pump of Figure 17 with certain portions broken 
^""pL^e iXslS an integrated system for the prod^^^^ 

and copnols the ^'■;^''^'^^S^,'^S^^i^m<,T^ fuUy belo», 
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mounted to the gear housing 52 by means, not shown, and complement the tapered sides 60 
to form a steam chest about the gear pump. The steam jackets include a steam inlet 54A 
and condensate outlet 54B for admitting steam from a source (not shown) to maintain the 
pump at a temperature above the melting temperature of ttie polymer. Alternatively, 
5 passageways such as drilling, desoibed below, may be utilized in a solid pump body s 
configuration. 

Referring particularly to Figures 2 and 3, inlet structure 50 defines an inlet 66 whose 
width (parallel to the gear axis) is approximately equal to the gear width, Ingure 3, and 
whose minimum length (normal to the gear axis) taper downwardly to complement the gear 
10 chamber 58. 10 

A pair of rotating, intermeshing gears 70 are positioned in gear housing 52. Any one of a 
wide variety of gear pairs may be employed, intermeshmg herringbone gears being 
preferred. 

As shown in Figure 3, a pair of intermeshing herringbone gears 70 are rotatably mounted 
15 in gear housing 52 by means of journal bearings 71 and end plates 72. One of the gears (the 1 5 
drive gear) includes a drive shaft 70A which extends outwardly from the gear pump to be 
coupled to the torque coupling 34 and thereby provide power input to the pump. Hie other 
gear is driven by the intermeshing relationship of the herringbone gears. 
Journal bearings 71 are lubricated by the polymer melt, and as discussed below provide a 
20 means for monitoring the viscosity of the polymer melt. The length and diameter of the 20 
bearings and clearances are such that high pressure leakage is mmimized by a throttling 
effect. 

The chamber 58 in which the intermeshing gears 70 are located is designed to achieve an 
inlet of minimum restriction of polymer flow to improve volumetric efficiency. Substantially 

25 all of the faces of the gears are exposed to the media free space (the volume between the 25 
gear faces and walls of chamber 58). This configuration permits the development of a 
pressure gradient within the media free space to &idlitate the filUng of the gear tooth 
cavities with polymer. 
To achieve the necessary large media free space and still provide the necessary seal 

30 between the outlet 103 and the low pressure inlet of the pump, the pump discharge opening 30 
103 and seal zone 74 must be minimized. The portion of outlet 103 m direct communication 
with the gear chamber defines a generally rectangular shaped opening having a width 103A, 
Figure 3, equal to the gear face width and a length 103B, Figure 2, equal to about the gear 
tooth height. 

35 The outlet is defined, in part, by high wear resistant seal zone inserts 75, which are 35 
removably secured to a seat 58A in the gear housing as by bolts, not shown. Each seal zone 
extends from the tip 75A of the inserts 75 for a circumferential distance at least equal to the 
distance between adjacent teeth across the full axial length of the gears to provide an 
effective seal between the gear teeth and gear housing. The start of the seal zone is 

40 generally indicated by numeral 75B . and the seal extends to tip 75 A. It should be noted that 40 
a seal length larger than that just specified does not significantly increase seal effectiveness. 

The inner surface of diamber 58 increases in dimension from the start of the seal 7SB in a 
continuous smooth curve to join the inlet structure chamber 66 just above the top of gears 
70. In one pump embodiment the gear chamber or media free space boundary extended 

45 firom a location 75B 53° below the horizontal passing through the center of gear axis in a 45 
circular arc to a location 15° below the horizontal to provide a radial distance between the 
tooth tip and diamber surface of 1/2 inch at that point, and extended linearly from the 15° 
point to the top of the pump. In general, the ratio of free media space expansion to the 
drcumferential distance (as measured from the end of seal zone 75B) is optimized in 

50 accordance with lubrication theory to achieve an increasing hydraulic radius in the media SO 
free space to fill the gear tooth cavities with polymer. The media free space increases from 
the seal zone 75B to produce a maximumpressure gradient at a point preferably below the 
horizontal elevation of the gear axes. The optimal media free space configuration -is a 
function of the particular polymer being pumped. A ratio of the clearance (gear tooth to 

55 chamber wall) to the drcumferential distance from the seal zone in the range of about 0.2 to 55 
0.9 is a typical value for polymers having viscosities m the range of 0.2 to 1.4 lb. sec/in^, 
respectively. 

With particular reference to Figures 2 and 3, the outlet 103 changes from the slot-like 
opening adjacent the gears to a drcular discharge outlet 103C at its lower end, which is in 
60 fluid communication with conduit 36. 60 
The herringbone gears 70 may have helix angles ranging up to 30°; however, smaller helix 
angles, 15° or less, are preferred to avoid leakage at gear intermesh. Most preferably, 
herringbone gears with a helix angle of 7°-10° are used to avoid trapping polymer in the 
tooth cavities. The use of herringbone pattern gears is preferred to constant hehcal or spur 
65 gears due to reduced stress loading on the gears and housing realized with the herringbone 65 
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gears. 

The use of a ^ear pump and more particularly^ a gear pump with herringbone gears 
provides economic savings in capital cost, operating cost and unproved performance in 
comparison to screw extruders used for the polymer recovery system. More spedEcaHy, for 
S a recovery system capable of handling 30-50,000 Ibs/hr, system investment cost may be up s 
to 50% less for a gear pump equipped system. In gear pump recovery systems for the 
indicated capacities, horsepower requirements ranged from 7 to 17 horsepower as opposed 
to 35 to 60 horsepower for a comparable extruder system. A comparable reduction m shaft 
hors^wer equates to an annual cost savings for a 50,000 Ibyiur system in the order of 

10 $150,C)00/year assuming 3.6 cents/kw. hr. etectric costs. 10 
finally, the viscous shear dissipation work is greatly reduced by the use of the gear pump 
as compared to a screw extruder. Hie reduction in tMs work is about one order of 
magnitude. This reduction, of course, results in a reduction in the temperature rise of the 
polymer as it passes through the gear pump. Steady state temperature rises of 1° to 4°C have 

15 been experienced with the gear pump of this invention, as compared to 10° to 35°C for a 15 
comparable screw extruder. The reduced temperature rise provides better product property 
control and less thermal degradation of the polymer product. 

The gear tooth helix angle and media free space of the gear pump provide improved 
handling and volumetric effidency. Table I indicates a comparison of operating parameters 

20 for several configurations which illustrate the effects of gear tooth angle and media free 20 
space on gear pump performance. Hie body tj^pes include the one described above and 
designated as "FULL" and one designated "NQN" which had a media free space inlet 
dimension located 25° above the horizontal gear axis and extended there&om in a circular 
arc to a location 20° below the horizontal gear axis (the start of the seal zone). Each unit was 

25 equipped with herringbone gears with the indicated helix angles and identical outlet shapes. 25 
From Table I, it will be noted that the FUUL media space configuration, i.e., the least 
restricted inlet configuration, provided volumetric capacities which were essentially 
constant for the range of product tested. The gear pump of the present invention is 
essentially insensitive to viscosity and pressure conditions with respect to its pumping 

30 capacity, and its volumetric efficiencies are essentially 100% over a range of gear pitch line 30 
velocities up to 150 ft/min. 

The designations MIN and FULL as well as the characteristics of the pump structure 
given in connection with Table I are illustrative embodiments and should not be interpreted 
as setting forth the limits of applicants' invention. The values listed in the first six columns 

35 from left to right represent short tests for peak performance of the gear pump, while the last 35 
two columns represent long term steady-state operating conditions tor a reactor system 
having the indicated production rates. 

An additional advantage of the gear pump is increased recovery system operation. 
Unlike a screw extruder system which is highly sensitive to polymer viscosity, the gear 

40 pump being a positive displacement pump will continue to pump even if large changes in 40 
viscosityr are experienced. An extruder on the other hand, would have to be shut down and 
cleaned, when higji or low viscosity are introduced into it. Thus, reactor down time is 
decreased and reliability is greatly increased vrith the gear pump. 
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As previously described, the gear pump recovery system includes instrumentation that 
measures pump input power and inlet and outlet pressures and temperatures. From, this 
information, the signals are conditioned to provide on-line viscosity monitoring system 
which is related to me product melt index as is knovm in the art. This signal is then used to 
5 monitor the product melt index via viscosity monitoring and tied back into the reaction 5 
control system for closed-loop melt index control. Since the component instrumentation for 
carrying out the individual measurement of these variables is well known in the 
instrumentation art, a detailed description of them will not be presented. However, the 
manipulation of these data to achieve viscosity monitoring and production rate control will 
10 be described in detail. 10 
The gear pump horsepower is the sum of the volumetric pumping work and viscous 
dissipation work. The viscous dissipation work is primarily due to viscous dissipation work 
in the pump bearings. Assuming all the viscous dissipation takes place in the pump 
bearings, tilie totd horsepower can be represented by: 
15 15 
HP = hyVA + QAp [11 
where: (t = material viscosity in bearings; 

Y = shear rate in bearings; 

Y = surface velocity of shaft in bearings; 

20 A == total surface area of shaft in bearing = JtLD 20 

Q = volume of material being pumped; and 
Ap = pressure differential across the pump. 
The total horsepower can also be represented by: 

HP - 2:tTN [2] 
25 where: T = torque; N = rotational speed. 25 
Furthermore, the shear rate (y) can be represented by: 

Y = JiDN ^ C [3] 

where: D = bearing diameter: C = bearing clearance; and Q can be en>ressed by: 
Q = tjN [4] 
30 where: q = displacement/rev. 30 
Combining these equations and using constants for the fixed parameters results in the 
following relationship: 

35 ^ = k,I.k2^ [5] 35 



where: 

2C qC 40 



45 The last terin 

can be eluninated for a simplified model to provide: 

li = [6] 

55 55 

In plant experiments, the torque and speed measurements produced viscosity determina- 
tions which agreed closely with the laboratory melt index analysis of the materials being 
processed. 

g« The model can be modified to include product temperature effects on the viscosity 
monitoring systems by measuring the product temperature at the inlet or outlet of the 
pump. This modification has only a slight effect on the viscosity determinations since the 
temperature of the material in the bearing will reach a temperature which is dependent 
primarily upon the pump speed and material viscosity rather than the pump inlet or outiet 
temperatures. In effect, the temperature variations of the product bemg processed will have 
a small effect upon the on-line viscosity determinations. 
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Extruder 102 includes a screw 102A, which is driven by motor 102B and extends coanally 
widiin a tubular housing 102C from an input hopper 102D at one end to the media free 
space adjacent the gears. Preliminary mixture of the additive and melt is achieved m the 
terminal end of the extruder, by means of a high pressure melt feedback conduit 104 whidi 
extends from the outlet of the gear pump to the intermediate porti n of the extruder, in tftis 5 
manner the melt and additives are mixed in the last few flidits of the extruder screw and 
introduced into the media free space for final mixing with the polymer in the gear pump. 
Conduit 104 may be either sized to provide proper feedback rate or may be equipped with 
an orifice plate or valve to provide variable feedback. , . • ^^A,,r^A <n 

In addition to additive injection at the gear pump, additives may also be mfroduced 10 
through the top of vent stack 22. In the case of solid additives, they may be sprinkled ov^^^ 
the surface of the polymer melt where the heat of the polymer melts the adoitn^es. The Uius 
melted additives are mixed with the polymer as the matenal passes through the shear field 

"*The mixinrof ^additives and polymer, whether introduced through vent stack or gear 15 
pump, is accomplished in the pump by the shear actions induced in the flow patterns withm 
the pump, particularly as the material enters and is subsequently displaced from the gear 

*° mrteriats requiring a higher degree of mixing than performed by the ^rpjjjnp. a 
static mixer, e.g. , one of the type known commeraaUy as a Kernes mixer, may be connected 20 
to the discharge' of the gear pump to provide further mixing. , 

The sear pumps described above may also be utilized m compoundmg systems to increase 
the capacity and lower the operating costs. Compounding systenw are smular to a recovery 
systeni in that more than one operation is performed by the compoundmg system. . 
-><; Comooundine involves fluxing and mixing and in some cases pumping. 25 
' Compouncfing systems using extruders, whether single-screw or multiple-screw, are 
modifiecl so that only the fluxing and mixing operations are performed by the extruder, ine 
material is then fed to a gear pump for the pumping operation. 

Figures 8A and 8B illustrate schematically two compounder-gear pump systenw, 200 and 
250. respectively. System 200 includes a compounding mixer 205 whidi may be f the batch 
or continuous discharge type. Compounder 205 discharges matenal through outlet 206 into 
a gear pump 30 of the type described above. By relegating the pumping operation to gear 
pump 30, which is insensitive to viscosity fluctuation, mcreased compoundmg capacity and 
production rate are achieved with a reduced product temperature rise. Final temperature 
reductions of up to 80X may be achieved by the utdizaton of gear pump 30 for flie pumping 

°^The"svstem 250 includes a compounder 252 of either the batch or continuous process type 
which discharges the polymer in the form of rope R from outlet 252A. The polymer rope is 
Sosed within a conduit 254 which extends from outlet 252A to the inlet of a roller 
40 equipped gear pump 130. described above, for pumping. An »nejt atmosphere such as 40 
mtroEcn eas is supphed to the ulterior of conduit 254 from source 256 through me 258. Any 
eS gaUs iitXwn from conduit 254 through Ime 254A. It will be anpreciated that the 
inert atmosphere reduces the oxidative degradation of the polymer as it passes from the 

45 "'TiS' gear pilmi^of fheiresSu' invention may also be used in the ultimate fabrication of 45 
material from polymers. Figure 9 illustrates schematically a gear pump 30 closely coupled to 
rSicating extmder 260 by conduit 262. Die or mold 265 is used genencally to cover both 
a restrictor for the fabrication of continuous products 266 having a cross-section determmed 
bv the restrictor e e fihn, pipes, structural beams, and a mold for the fabncation ot 

50 molded articles. In the latter case, a control valve 264 is utiUzed in line 263 connecting pump 50 
30 to die 265 to pulse polymer into the die mold 265. 

The gear pump 30 is the final element for promoting polymer melt flow mto the die 265. 
The use of the gear pump to provide either continuous pressurized polymer for continuous 
extrusion or difcrete charges'^of pressurized polymer ^r molding arudes Provides lower 

55 energy consumption for the fabrication system than comparable saew extruder or pressure 55 
cvlinder method, respectively. , i. . j j u 

The basic modular gear pumps 30 and 130. described above, may be further formed by 
modular components'" to increase the utility and flexibility. Vanous other modular 
configurations will now be described. . , j. , x u • .„;ti, ct\ 

60 Modularity may be achieved in a number of ways mcludmg: (a) gear housing casting with 60 
modular body insert. Figures 10 and 11; (b) gear housing casting which is spht Jo mcrease 
the axial bore width with modular inserts. Figures 12 and 13; (c) pump body fabnca^ed of 
independent modular sections. Figures 17 and 18: and (d) modular and roller configura- 

65 ^'^pfgurerWand^ll niustrate a gear pump 30 similar to the pump 130, described above, 65 



30 



35 



30 



35 



10 



1 574 357 



10 



which is equipped with feed rollers 152. Corresponding parts are designated by the same 
part designations described with pump 130. 

As previously described, the contour of the media free space is a function of the viscosity 
of the particular polymer being pumped. It will therefore be appreciated that the ability to 

5 easily vary the media free space of a pump is highly desirable. Additionally, the ability to 5 
change the gear diameters (and thus the media free space expansion) is also desirable to 
accommodate the production rate of the reactor. To this end, pump 330 includes an 
inlet/cylinder insert 380 of generally trapezoidal shape which is nestably received in a 
complementary cutout 381 within gear housing 52 which extends tbrou^ the entire 

10 housing. Insert 380 is retained within cutout 381 by the overhanging portion 151 of inlet 10 
structure 150 and fasteners (not shown) and defines the media firee space chamber 358 at its 
inner surface. 

Insert 380 also defines wiper portions 368 immediately adjacent each roller 152A and seal 
zones 375 adjacent the discharge outlet 103. Thus, the insert 380 serves the functions of 
15 several of the previously described structural elements. But, in addition, insert 380 also 15 
mounts the bearing 71 within CTlindrical bores 371A and defines the disdiarge outlet 103. 

Thus, insert 380 together with herringbone gears 70, bearing 71 and end plates 72 form a 
removable package which can be custom designed for a particular polymer viscoaty and 
production rate. Insert 380 may also be easily heat treated or plated for desired 
20 characteristics. ... - 

Pump 330 has certain other modifications over pump 130 including the deletion of 
feedback conduit 104 which, if desired, may be included. Additionally, additive extruder 
102 has been relocated to the position of additive port 100 and an additive port 390, which 
may also include a screw extruder, has been located at the mbdng zone parallel to the axis of 
25 gear rotation. . 25 

Figures 12 and 13 illustrate a pump 430 in whidi the gear housing 452 is cast in two half 
sections which are symmetrical axially about a plane perpendicular to the gear axis to 
permit axial variation of gear width. The two halves are secured together by axially 
extending bolts or the like (not shown). Housing 452 indudes a thidtened side wall 460 to 
30 accommodate a plurality of heat transfer passages 461 which extend laterally therethrough 30 
and are interconnected by vertical passages 462, Figure 13. Steam or other heat transfer 
(heating or cooling) is drculated through passages 461 and 462 to control the temperature 
of the pump. ^ „ , . , . ... 

Similar to pump 330, pump 430 mcludes an insert 480 which is retained m a 
35 complementary shaped cutout 481 within housing 452 by the overhanging portion 151 of 35 
inlet structure 150 and fasteners. Insert 480 defines the media free space chamber, seal zone 
475 at its inner surface 458, and outlet 103. Additionally, insert 480 mounts the herringbone 
gear shafts and bearing 71 in bores 471 to provide a removable assembly. In the event that 
an axially larger assembly is to be inserted within housing cutout 481, the two halves of 
40 housing 452 are detadied and a modular housing insert is positioned therebetween. These 40 
modular housing inserts are described below in connection with Figure 14. 

Since an axial enlargement of the housing 452 also enlarges the outlet 103, a modular 
outlet insert 403 may also be utilized. Insert 403 is retained in a rectangular cutout 403A at 
the base of housing 452 and held therein by fasteners (not shown). Insert 403 indudes heat 
45 transfer conduits 461 and 462 which mate with those in housing 452. The use of the insert 45 
403 provides a continuous mating surface for the flange connection of the outlet pipe 36 or 
other equipment to which the polymer is discharged. 

The SDlit housing 452 may also be formed to eliminate end plates 72. This is accomplished 
by machining bores 471 from the inside of insert 480 to provide a shoulder at the exterior 
50 end of the bore. , . . • u 

Figures 14-16 illustrate a further modular pump design in which not only the housmg but 
also the gearing and feed rollers are modules. Pump 530 indudes a split inlet structure 550. 
and split housing casing 552. 
Inlet structure 550. Figure 14. includes a pair of plate-like structures 550A and 550B. 
55 having L-shaped interlock end portions 550G and 55(JD between which is located a pair of 55 
complementary-shaped inserts 550E which extend the axial dimension of the inlet structure. 
Plates 550A and 550B and inserts 550E are secured to the underlying gear housing 552 by 
fasteners 556. 

Housing 552 is a modified version of housing 52 and includes an integral steam chest 554. 
60 Housing 552 is a pair of symmetrical "halves" 552A and 552B as described above m 60 
connection with Figure 13 and an intermediate insert 552C. The housing "halves" and 
insert underlie the inlet structure and are interconnected by fasteners 552D. 

The interior surface of housing 552 defines a trapezoidal receiver 581 in which an insert 
580 is located. Insert 580 is retained in receiver 581 by the overlying end portions 551 of 
65 inlet structure 550 and fasteners. The interior surface of insert 580 defines wiper portion 65 
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568. media free space chamber 558 and seal zones 575, as previously desoibed. Insert 580 
extends between the end portions 552A and 552B, Figure across msert 552C. A modidar 
outlet insert 503 is retained in cutout 503A in the gear housmg portions by fasteners not 
shown. Insert 503 defines the outlet discharge 503B at its mner surface and abute aga^t a 
5 bottom flange portion 552E of the gear housing. Insert 580 in turn overhes the top surface 5 

°^WitiiSerenre?o°Figure 15, additive mjection is provided by extmder 102 and conduit 
390 at the inlet structure and may also be provided trough condmt 590 (shovra plugged). 

The roller assembUes 652 and gear assemblies 670 are also modular m construction and 
10 are mounted on splined shafts 652A and 670A, respecUvely. ,^^„„^ 

The modular arrangement of roller assemblies 652 and gear 670 enables the perfonnance 
characteristics of the pump to be varied and also permits ready replacement parts. fttore 
particularly, the use of helical gears to form a herrmgbone gear pattern has several 

15 ^'^(S^TSf'choice of any helix angle can be accommodated due to the reduction of 15 
fabncation^^culu^^^^ of helix angles permits optimization of the gears with respect to 
varving physical properties of the reactor product mix. 
(c) Gear segments can be varied to match reactor conversion rates. 

20 (d) In order to fadUtate additive dispersion, a smaller circular pitch gear can be 

^"withiticular reference to Figures 14 and 16, each roUer assembly 652 is formed bya 
pa?Kd rollers 652B having intlgral end gears 652C and a cen^tra^ q^6ndn«d roH^^- 
to increase the axial length of roller assembly 652 ad<htional ro"ers 652p or Afferent 
length roUers 652D are added to the assembly. Shafts 652A include stub shafte rototabty 
mSeX inlet structure 550 by bearing 653 having end thrust coUm^ 
iTfar<s fi';2C mesh with the underlying gear to provide conjoint rotation therewim. 
^'Sea? aSemblies 67S are also mSJsnd rJyb. formed <:ompletely by heh|^^^^ 
670B as illustrated by the right side gear assembly (as viewed F'g^e 14). In this raw, a 
cenfr^ pair of helical gears are posiloned symmeti^cally about center of shaft 670A to 
form a herringbone pittern and additional helical gears are stacked axial therefrom. Thus 
an even number of helical gears form the herringbone pattern. 

Akernativelv a central hernngbone gear 670C as lUustrated on the left gear assembly m 
Figure 14 m^^^^^^^ hefical gears 670B are positioned axially on both sides 

35 of the central herringbone gear 670C to form the hernngbone pattern. 

ThSs an unlimiTed variation of axial lengths for the roller and gear assembhes may be 
provided by the addition of roUer and gear modules, respectively. 
^ Gear shafts 670A are rotatably mountecfin housing 552 by feeanngs which may be a collar 

40 ''Ffu?e'f6Am^^^^^^ 4° 
752 includes a segment shaft 752A formed by a pluraUty of threadabiy connected or butted 

Lgis 760 to Xw axial enlargement by Vaddjtion of ^^l^^^T^^l^^fl^^^l 
shaft 752A is driven independently of the gears 770 by drive 761. The roUer surface is 
pr^ided by muWpie cylinders ISiB which ^are keyed to the shaft segments for rotation 

'^Sr'isembly 770 includes a segment shaft 770A having hoUow sl^ segnente770B 
interconnected to end shaft 770D ^ a longitudinally exteri Jng bo^t 770E. Hie extenor 
surface of shaft 770A is splined to retain helical gears 670B therein. 
pfgureVl? ^d 18 mustrate a ftirther modular pump 830 which is dose coupled to vent 
50 stack i by mTans of the inlet structure 850, thereby eliminating the necessity, for section 50 
S a^d the attendant pressure loss. Inlet structure 850 mcludes an adchttve injection tube 
829 which extends across and above the mesh Ime of the gears s/u. , 

TheSrnal configuration of the gear assembly may be of any of the types previously 
described Le i one jlece or modular^Therefore , a detailed description of the assembly will 

"°TTl?bXaSribute of modular pump 830 is the provision of five basic modules a pmr of 
gear housmgs 852 whidi are symmetrical about the mesh Ime g^!«„|^0' ^,P^ °i 
plate-like en^ structures 860 whidi abut against each end of the housing 852 and e^end 
Sownward therefrom; and an outlet structure 803 which abuts against the bottom of the 
60 housing 852 and is positioned between the end stiiictures 860. 

W th rSerence to ^gure 17, the pair of housings 852 have thickened side walls wh ch 
indndc TpSy of a^^^^^^ heat transfer fluid passageways 853. The mtenor 

surface 858 of housing 850 defines the media free space diamber and seal zone 875. and 

65 °"SUSrSu?esP8"?X^ht^^^ ^5 
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the housings 850 and outlet structure 803 by longitudinally extending bolts 876. As 
illustrated, outlet structure 803 is close coupled to a mixer module 900, which is also 
fastened to end structures 860 by bolts 876. 

In addition, end structures 860 include a manifold network 901 having an inlet 901A and 
outlet 901B for interconnecting the passages 853 in housings 850 and suppljdng the heat 5 
transfer medium thereto and to passage 903 in outlet structure 803. The manifold 901 may 
be directly abutted agamst the passages, or a nipple coupling 905 may be provided. An 
additional heat transfer network 904, having an inlet 904A and outlet 904B is provided for 
the depending portions of the end structures. 
10 Pump 830 provides several advantages including: , 10 

'a) Interchangeable media free space configurations for particular product mixes. 
*b) The individual replacement of worn or corroded sections. 

[c) Facilitation of finishing and treatment of internal surfaces. 

(d) Provision of mixing/dispersion systems in the outlet module as required for additive 

15 applications. . . . i -n j • 

These and other modifications may be made to the present invention by those skilled in 
the art without departing from the scope of the present invention claimed in the appended 
claims. 

WHAT IS CLAIMED IS: . . ■ ^ 

20 1 . A gear pump for pumping highly viscous media comprising: housing means defimng 20 
an inlet passage at one encl and an outlet passage at an opposite end, and a chamber 
therebetween; a pair of pump gears located within said chamber having intermeshing teeth 
and being rotatably mounted in said housing, the walls of said chamber and said pump gears 
defining therebetween a free space to receive viscous media and a wall of of said chamber 
25 and each of said gears defining a gear sealing zone adjacent the outlet, each zone having a 25 
minimum length circumferentially of the respective gear equal to the circumferential 
distance between two adjacent gear teeth across the full axial length of said gears at the 
outside perimeter of said gears; me portion of said outlet adjacent said sealing zones having 
a cross-sectional area of from 0.2 to 2.0 tunes the product of the gear width and the gear 
30 tooth height. „ , . 30 

2. The pump in accordance with claim 1 wherem said outlet is generally rectangulu- m 
shape having a width equal to the gear face width and a length equal to the gear tooth height 
with the major dimension being parallel to the gear axis. j * .j 

3. The pump of claim 1, wherein said media free space expands from the end of said 

35 seal zone remote from the outlet such that an increasmg radius is produced at least to the 35 
plane of the gear axes, whereby a pressure gradient is created to fill the gear cavities with 
said viscous media. 

4. The pump of claim 3, wherein the ratio of media free space clearance to the 
circumferential distance from said seal zone is in the range of about 0.2 to 0.9. 

40 5. The pump of claim 1, wherein said gears have a herringbone pattern. 40 

6. The pump of claim 5, wherein the helix angle of said gears is between 5° and 30 . 

7. The pump of claim 6, wherein said helix angle is between T and 10'. 

8. The pump of claim 5, wherein each of said herriimbone pattern gears includes a 
central herringbone gear and a pair of helical gears, each ofsaid helical gears having a helix 

45 angle equal to the herringbone gear helix angle and being positioned in coaxial end-to-end 45 
relationship with said herringbone gear to form said herringbone pattern. 

9. The pump of claim 5, wherein eadi of said herringbone pattern gears comprises a 
plurality of helical gears; said gears being arranged symmetrically to form a herringbone 

50 ''^lO.^The pump of claim 5. wherein said gears are mounted on a segmented shaft. 50 

11. The pump of claim 1, further including means in said housing means for introducing 
an additive to said viscous media. . 

12. The pump of claim 11, wherein said introducing means includes an extruder having 
its outlet positioned adjacent said free space and its inlet exterior of said housing. 

55 13. The pump of claim 12, wherein said housing means defines a feedback chamber 55 
extending from said pump outiet to a point upstream of said extruder outlet, whereby 
polymer may be initially mixed with the additive in said extruder. 

14. The pump of claim 1, wherein introducing means is positioned to mtroduce the 
additive at a location upstream of said chamber. . ^« 

60 15. The pump of claim 1. furtiier including a pair of feed rollers rotatably mounted 60 
upstream of said pair of gears, the axis of each roller being substantially parallel to the axis 
of the associated gear, and said rollers being spaced apart to define a media nip 
substantially coplanar with the mesh line of said gears; said housing means mdudmg wiper 
means adjacent each roller; and means for rotating said rollers to draw said media into and 

65 feed said gears. 
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16 The pump of daim 15, wherein said means for rotating said roUers includes a gear 
train operatively coupling each roUer to its assodated gear, whereby the rollers are driven 

*^li°'"SeTiSnp of lata 15, wherein said means for rotatmg said roUers indudes a drive 
5 means operativefy coupled to said roUers, whereby said roUers are dnven mdependently of 

^^fs.^^Th'e pump of daim 15, wherein said roUers are modular in construction, whereby 
the axial length thereof may be varied. . j « j v 

19. The pump of daim 1, wherein said media free space is defined by the mtenor 
10 surface of saa housing such that the free space increases in cross action from said seal zone 

in a smooth continuous curve, to a location upstream of said gears. ... ^ 

20. The pump of claim 1, wherein said housing is modular and mdudes two 

mtercoimected^orbon^ 20, wherein said housing modular portions are symmetrical 
15 about the viane extending transversely to said gear axes. . . j 

22. lie pump of daim 21, further iduding modular housing insert means mterposed 
between and complementary to said modular portions. „™„„*^^oi 

23. The pump of daim 20, wherein said housing modular portions are symmetrical 
about the mesh Hne of the gears. . , , . , » i -^.^^ in 

20 24 The pump of daim wherein said housing mdudes removable central insert 20 
meais, said insert means defining said media free space at ite imier surface. 
25. The pump of daim 24, wherein said insert means extends the fuU axial dmiension of 

''^M.^^TniJpump'rf'daim 1, wherein said housing comprises a pair of modular housing 
portions defining said media free space at their interior surfaces and spmetncal about the Z3 
mesh Une of said gears; a pair of end structure modules abutting the axial ends of said 
housing portions aSd rotatatly mounting said gears, said end ?^ctures extending beyond 
sSd htffig portions; and a niodular outfet structure nested with the outlet of saicfhousmg 
portions between said end structures, and means interconnecting said modules. 
*^ 27 A gear pump for pumping highly viscous media provided to the pump m rope-hke 30 
strand form comprising: housing means defining an inlet passage at one end and an outlet 
Sage at an opposite end. and a chamber therebetween; a pan: of pump gears located 
Within said chmber having intermeshing teeth and being rotatably moimted m said 
hSng. the walls of said ch^ber definmg a free space adjacent the surface ojsafd gears to 
receive viscous media, and a wall of said chamber adjacent said outlet mcludmg a gear 
sealing zone having a minimum length drcumf erentiaUy of the respective gear equal to Ae 
SSiiiferential distance between two adjacent gear teeth across the fiiU axial length of said 
SaTat the outside perimeter of said gears; the portion of said outlet adjacent said sealing 
lone having a cross-sectional area of from 0.2 to 2.0 times the product of the gear and die 
40 Bear tooth height: a pair of feed roUers rotatably mounted m said chaniber upstream of said 
iSrs the aSs of each roUer being substantially parallel s the axis of the associated gear 
Ind said rollers being spaced apart to define a media mp substantially ^oplanar with the 
mesh Une of said geis, and mlans for rotating said gears and roUers, whereby said rope 
Sd is drawn into and feeds the gear cavities and ?s thereafter pumped by s^d gears 
45 28 The pump in accordance with claim 27, wherein said outlet is generaUy rectangular 45 
in shape ha^nng a width equal to the gear face width and a length equal to the gear tooth 
hdght with the major dimension being paraUel to the gear axis. ... 

29 The pump of claim 27, wherein said media free space expands from the end of said 
seaUng zone remote from the outlet such that an increasing hydrauhc radius is Prffuc^ at 
least to the plane of the gear axes, whereby a pressure gradient is created to fill the gear 50 



35 



40 



cavities with said viscous media. - i 

30. The pump of daim 29, wherein the raUo of media free space clearance to the 
drcumferential cfistance from said seal zone is in the range of about 0.2 to 0.9. 

31. The pump of daim 27 wherein said gears have a jierrmgbone pattern. 
32 The pump of claim 31, wherein the helbc angle of said gears IS bemeen 5-^ 33 

33. The pump of daim 32. wherein said hdix angle is between 7" and ItT. 

34. The pump of daim 27, wherein said means for rotatmg said roUeis mdudes a gear 
train operatively coupUng each roller to its assodated gear, whereby the roUers are dnven 

60 '^^Sr^The^p^mp of Sm 27, wherein wiper means are provided adjacent each of said 

Apparatus for compounding highly viscous media which comprises compoundmg 
means having an inlet and an outlet, a gear pump commumcatmg with the 9«?^et of said 
compounding means to receive the viscous matenal therefrom and P^f^P 17°' ^4^®' 
65 processing, said gear pump including housing means definmg an inlet and an outlet 
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interconnected by a gear chamber, a pair ofpump ^ears located within said diamber having 
intenneshed teeth and rotatabiy mountea in said housing; the walls of said chamber 
defining a free space to receive viscous media and a gear sealing zone adjacent said outlet, 
said free space having a radius from the axes of the gears, which increases upstream of the 
5 sealing zone, the portion of said outlet adjacent the sealing zone having a cross-sectional S 
area of from 0.2 to 2.0 times the product of the gear wicnh and the gear tooth height. 

37. Apparatus in accordance with claim 36, wherein said outlet is generally rectangular 
in shape having a width equal to the gear face width and a length equal to the gear tooth 
height with the major dimension being parallel to the gear axis. 
10 38. Apparatus of claim 36 wherein said compounding means is a batch compounder. 10 

39. Apparatus of claim 36, wherein said compounotng means is a continuous flow 
compounaer. 

40. Apparatus of claim 39, wherein said continuous compounder includes an extruder. 

41. Apparatus of claim 36, wherein said gear pump inlet is directly coupled to said 

15 compounder outlet. 15 

42. Apparatus of claim 36, wherein said compounder is arranged to discharge the media 
in continuous rope form; said pump inlet being spaced downstream from said compounder 
outlet; and conduit means coupling said compounder outlet to said pump inlet. 

43. Apparatus of claim 42, wherein further means are provided for charging the area 

20 enclosed by said conduit with an inert fluid medium, whereby oxidative degradation of the 20 
rope media is reduced during its passage therethrough. 

44. Apparatus of claim 42, wherein said pump further includes a pair of rollers in said 
housing substantially parallel to and upstream of said gears, and means for driving said 
rollers, whereby said rope is drawn into and feeds said gears. 

25 45. A polymer fabrication system comprising the combination of gear pump having an 25 
inlet, an outlet and a gear chamber, arranged to receive polymer from a source, and a 
molding means communicating with said outlet of said pump to receive pressurized polymer 
therefrom, said gear pump having a pair of intermeshmg rotatable gears positioned in said 
gear chamber; the gear chamber having a sealing zone adjacent said outlet and having a free 

30 space to receive viscous media, of an increasing cross-section extending upstream from said 30 
sealing zone; the portion of said outlet adjacent the sealing zone having a cross-sectional 
area of from 0.2 to 2.0 times the product of the gear width and the gear tooth height. 

46. The system of claim 45, wherein said moldmg means is an extrusion die. whereby 
continuous fabrication is provided. 

35 47. The pump of claim 1, wherein said outlet communicates with the inlet of a mixer. 35 

48. A process for the production of a polymer wherein a liquid polymer melt and 
entrained volatile monomer are delivered from a reactor to a product receiver for partial 
flashing of the volatile monomer, and comprising the steps of transferring the polymer from 
the outlet of said product receiver to the inlet of a vent stack; flashing substantially all of the 

40 remaining volatile monomer from the melt in the vent stack; discharging said polymer melt 40 
from the outlet of the vent stack into the inlet of a gear pump having a pair of intermeshing 
gears bounded by a free space chamber to receive polymer melt, having a decreasing radius 
from the axes of 'the gears toward the pump discharge and having a discharge outlet having 
a cross-sectional area of from 0.2 to 2.0 times the product of the gear width and the gear 

45 tooth height; and sensing and maintaining the level of liquid in said stack to provide a 45 
pressure head to said gear pump. 

49. The process of claim 48, further including sensing the torque and rotational speed 
operating parameters of said gear pump, utilizing the sensed parameter to calculate the 
viscosity of the polvmer melt according to the formula 

50 ' 50 

T 

55 where u is the viscosity, Kj is a proportionality constant for the pump, and T.N are the 55 
torque and rotational'speed parameters. 

50. The process of claim 48. further including the step of introducmg an additive into 
said polymer at said gear pump, whereby said additive is mixed into said polymer during 
pumping action. 

60 51. The process of claim 50, wherein said additive is introduced into the polymer melt 60 
adjacent said gears. 

52. The process of claim 51 wherein said additive introduction is performed by 
conveying the additive in a screw extruder. 

53. The process of claim 52. further including the step of feeding a portion of polymer 

65 from the discharge of said pump into said screw extruder, whereby a partial mixing of 65 
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additive and polymer is perfonned. prior to introduction of the additive into the pump. 

54. The process of claim 48, further including sensing the torque, rotational speed, 
operating parameters and pressure differential of said gear pump; utilizing th sensed 
parameters to equate to the viscosity of the polymer melt according to the formula 

5 5 

jQ where \i is the viscosity, Ki and Ki are proportionality constants for the pump, T, N are the 
torque and rotational speed parameters, Ap is pressure differential, ana generating a 
control signal from said calculated viscosity to provide dosed loop viscosity control of said 
reactor. 

55 . A process substantially as hereinbefore described with reference to the accompany- 

j5 ing drawings. 15 

56. A pump substantially as hereinbefore described with reference to the accompanymg 

drawings. 

57. Apparatus substantially as hereinbefore described with reference to the accompany- 
ing drawings. 

20 58. A system substantially as hereinbefore described with reference to the accompany- 20 
ing drawings. 



25 



W.P. THOMPSON & CO. 
Coopers Buildings, 

12 Church Street, 25 
Liverpool LI SAB, 
Chartered Patent Agents. 



Prmtcil lot Hvr Slujest>'» Slalionen Otl'CC. h> Cn.> J.«i Printing Cnmpinv Liroiicd. Ctoydun. Sutre). 19*0. 
PuWiOitJ K The Patent Oliici.. 25 Smi'hatnpiun BuiMirgs. Lundxn WCIA lAY.{rom 



1574357 COMPLETE SPECIFICATION 

BCUCPR This dfawing Is a reproduction of 
ancEio ^ Original on a reduced scale 

^ Sheet 1 



PRESSURE 



FROM RELEASE lli/ 
REACTOR ,^ L 

> r I ® M== 



LVE 



3.2 



VARIABLE 
SPEED 
DRIVE 




REACTOR 
CONTROLS 



PRODUCT 
RECEIVER 



VENT STACK- 



TORQUE 
COUPLING 



38 









PELLETIZER 



HOPPER 



42 



PROCESS 
CONTROL 



1574357 COMPLETE SPECIFICATION 

o euccTc ♦''■OX''"? '* " reproduction of 

0 SHEETS fff^ Original on a reduced scale 

Sheet 2 




1574357 COMPLETE SPECIFICATION 

This drawing Is a reproducUon of 
drittis jjjg Original on a reduced scale 

Sheet 3 




1574357 COMPLETE SPECIFICATION 

a .^pr-|-c drawing Is a reproduction of 

o ancn i a Original on a. reduced scale 

Sheet 4 



FIG.9. 



FIG.IO. 




1574357 COMPLETE SPECIFICATION 

a cucCTC ^"'^'"g " reproduction of 

0 ^Htcia jjjg Original on a reduced scats 

Sheets 




1574357 COMPLETE SPECIFICATJON 

8 SHEETS " reproduction of 

the Original on a reduced scale 

Sheet 6 




1574357 COMPLETE SPECIFICATION 

Bcueere '^^"^'"8 '* " reproduction of 
snccis the Original on a reduced scale 

' Sheet 7 



6S3 



FIG.I6. 

6SZc 



esz 



530 

6SZc 653 1 550b 



SSOa- 




5SZb 



S03b 



SOS S039 SSZa 



FIG.I6A. 




503 



1574357 COMPLETE SPECIFICATION 
ft CUEBTC '* " reproduction of 




